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Introduction
   Some 70% of the land of Japan is mountainous, 
and a substantial amount of sediment is produced 
each year due to the erosion and collapse of 
mountain slopes and other causes. The sediment is 
transported through rivers. Rivers have periodically 
overflowed and deposited sediment in river basins 
during floods, and at river mouths and in coastal 
areas, sediment has repeatedly been deposited 
and carried away due to the motions of waves and 
currents. Existing plains, river-mouth deltas, and 
sand and gravel beaches were formed through such 
sediment movement. Formerly, how to control the 
riverbed aggradation and prevent f looding were 
important issues. However, it is true that the ample 
supply of sediment has contributed to the formation 
of Japan’s rich natural landscapes that boast 
coastlines of white sand and green pines and to the 
maintenance of ecological diversity.
   Since around 1960, when Japan entered a period 
of high economic growth, many dams have been 
built to control f loods, generate electricity, and 
secure water for various uses. Large dams blocked 
the passage of sediment down rivers, and in the 
basins where sediment yield is great, a considerable 
amount of sediment is deposited in dam reservoirs. 
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Additionally, a substantial amount of sand and 
gravel have been extracted from rivers and the 
sea to be used as concrete aggregate, reducing the 
supply of sediment into the sea, and moveover, 
many ports and other coastal structures have been 
built, blocking littoral sediment transport[NOTE 1]. 
   These conditions cause dams to function less 
effectively, cause riverbed degradation in the areas 
downstream from dams, and the erosion of sandy 
beaches at the mouths of rivers and along coasts, 
and create many other problems by disrupting the 
balance of sediment transport systems[NOTE 2].
  In considerat ion of these condit ions, the 
Integrated Sediment Management Subcommittee 
of the Council of Rivers at the Ministry of Land, 
Infrastructure, Transport and Tourism submitted 
a report in July 1998, demanding efforts toward 
the integrated management of the entire sediment 
t ranspor t systems. Addit ionally, the Third 
Phase of the Science and Technology Basic Plan 
(launched in 2006) covers “technology to estimate 
the actualities of sediment transport in the total 
sediment transport systems, sediment management 
technology, and technology to assess the effect of 
an individual sediment management on the entire 
sediment transport systems” as an important science 
and technology strategy in the  area of social 
infrastructure framework.
[NOTE 1] Littoral  sediment transport :
 The movement of bottom sediment (sand) caused by the motions of waves and currents. The Japanese 
word (hyōsa) also refers to drifting sand itself. 
[NOTE 2] Sediment transport system : 
The integrated system of sediment transport extending from river sources to the coast including the area 
of longshore sendiment transport if that sediment source is from the river.
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   To solve or mitigate the undesirable problems 
existing in the present sediment transport systems, it 
is essential to take action such as sediment releasing 
from dams, that fulfills an appropriate sediment 
blance throughout the systems satisfying the aims 
of  f lood control, water usage and environment 
simultaneously. Until recently, however, we had only 
considered how to block the outflow of sediment 
from upstream basins for the sake of disaster 
prevention and had not considered ways to supply 
the necessary amount of sediment to downstream 
basins. Thus, there are no integrated institutions to 
consider entire sediment transport systems covering 
mountains, rivers, and the sea. Moreover, our 
understanding of sediment transport is insufficient 
because sediment moves through wide areas 
and longtime span in a complex manner and this 
movement is difficult to measure. Therefore, we 
have not yet established the technology to assess, 
for instance, the bad or good effects of sediment 
releasing from dams on downstream basins and 
the sea, nor have we created the technology to 
appropriately control sediment transport. 
   This report gives an overview of increasingly 
serious sediment problems surrounding sediment 
transport systems and technology and research 
trends directed at tackling these problems. It also 
expresses what is needed in order to conduct 
sediment management in an integrated manner, in 
consideration of entire sediment transport systems.   
Problems Existing in Sediment 
Transport Systems in Japan
2-1  Characteristics of Sediment Runoff 
from Mountains
   Japan is located in the Pacific Ring of Fire and 
experiences many earthquakes and much volcanic 
activity. There are mountains throughout the country 
and the geological structures are often fragile. The 
bedrocks have been fractured and hydrothermally 
altered due to the intrusion of volcanic rocks 
and these bedrocks readily collapse as a result of 
continuous infiltration, freezing, and dissolution 
of rainwater as well as bedrock creep. In addition, 
severe climatic conditions such as typhoons, rain 
fronts, and atmospheric depressions cause heavy 
rains, and thus, a great amount of sediment is 
produced in the mountains. The average sediment 
production is estimated to be about 200 million m3 
per year.[1] Sediment production varies by region; 
it is active along the Itoigawa-Shizuoka Tectonic 
Line and other regions containing fragile geological 
structures, and about half of the production occurs 
in the Chūbu and Hokuriku regions (in the central 
and northeastern parts of the main island of 
Honshū).
   Dividing mountain ranges cut through the 
Japanese archipelago like a backbone, and short 
steep rivers flow directly into plains and to the sea. 
Sediment of various particle sizes produced in the 
mountains is continuously transported downriver 
and, periodically, in large quantities by floods. In 
the process, rivers repeatedly overflow and sediment 
is deposited in many places and then moves again. 
The deposit of relatively large gravel and sand has 
created alluvial fans where rivers f low into the 
plains from steep mountain regions. Small sand and 
nutrient salts contained in fine soil particles have 
been deposited in flatlands to create plains and river-
mouth deltas. Additionally, the supply of sediment 
from rivers has formed tidal flats and sandy coasts. 
   Thus, sediment from mountains has played an 
important role in creating and maintaining Japan’s 
landscape and has nurtured regional climates and 
ecosystems. At the same time, however, sediment 
has been a threat to human life. 
2-2 History of the Situations of Sediment 
Transport Systems
2-2-1 Before the Period of High Economic 
Growth
   Before and during the Edo period (1603-1867), 
mountain forests deteriorated due to logging to 
supply wood for construction and fuel purposes. A 
substantial amount of sediment flowed into rivers 
and consequently riverbeds rose, causing frequent 
f looding. During the Meiji period (1868-1912), 
engineers from overseas hired by the govement 
began to plant trees and conduct other erosion 
control projects in order to reduce the amount of 
sediment outflow. Development of new farmland 
was also active. Continuous levees instead of 
open levees [NOTE 3] were adopted when developing 
farmlands in alluvial plains, leading to the reduction 
of marshes, which retained water from rivers and 
contributed to flood control. Inevitably, these areas 
were vulnerable to floods and frequently damaged 
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by flooding. Considerable sediment yield continued 
until the 1960s and contributed to frequent and 
major flooding.[2] 
2-2-2 After the Period of High Economic 
Growth
   After World War II, many homes were built on 
floodplains. Frequent flooding caused by typhoons 
and heavy frontal rains attacked these areas causing 
many deaths, and the Japanese people strongly 
desired to create flood-resistant rivers.[3] Thus, river 
levees have been strengthened and trees have been 
planted on mountainsides as a part of erasion control 
works. It was also necessary to secure water for 
agricultural use in order to increase food output, to 
secure clean drinking water in order to protect the 
people in cities from cholera, dysentery, and other 
epidemics, and to build large hydroelectric plants in 
order to respond to rapid increase in the demand for 
energy.[4] 
   Consequently, beginning around the 1960s, 
many large dams were constructed to control 
f lood, generate hydroelectric power, and secure 
water for municipal, industrial use and so on. 
These dams reduce the danger of f looding and 
protect people’s lives and property. They have also 
extended intensive land use, greatly contributing to 
the development of industry. Hydroelectric power 
production was about 95 billion kwh per year as of 
2006, a little less than 10% of the total demand for 
electricity. It is an important resource that can be 
produced 100% domestically and that does not emit 
CO2.
[5]  Large dams are usually designed to store, 
along with water, 100 years’ worth of sediment in 
reservoirs in accordance with the country’s guidance 
for reservoir planning. Therefore, except for fine soil 
particles that flow through the dams, most sediment 
coming from upper river basins is captured and 
deposited in dam reservoirs. Additionally, many 
check (sabo) dams have been built to control erosion 
and to store sediment from deteriorating mountains 
and mountain streams. 
   Figure 1 shows an outline of sediment transport 
from the mountains to the rivers and to the sea. About 
100 million cubic meters of sediment is deposited in 
dam reservoirs and other structures that cut across 
rivers annually, halving the average yearly supply 
(production) of sediment going down rivers. There are 
about 2,700 dams of 15m or higher, of which 877 dams 
can store a million cubic meters or more of water, such 
 
Sediment production in mountains 
200 million m3/year
[Mountains]
Sediment deposited in dams 
and other structures 
100 million m3/year   
(45 million m3/year in dams) 
3
Sediment outflow into lower rivers 
100 million m3/year 
[Rivers]
Sand and gravel collected 
from rivers 
8.4 million m3/year 
[Sea] 
Sand and gravel collected 
from the sea 
17 million m3/year 
Supply of sediment into the sea:   
4.6 million m3/year or less* 
Outflow of fine sediment into the offshore area
70 million m3/year
*Sedimentation in riverbeds is not included.
 
[NOTE 3] Open levees :
Openings are made in levees for relatively steep rivers. These openings both temporarily let some water 
out of levees to reduce the force of floods and allow the deposit of rich soil on farmland to improve the 
land. They also let overflow from levees and floods from tributary streams run into rivers. 
Figure 1 : Outline of Sediment Production and Amount of Sediment Outflow in 
Japan
Prepared by the STFC based on Reference[1]
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dams are compulsorily required to report the amount 
of sedimentation. A total of about 1.3 billion cubic 
meters of sediment had been deposited in these 877 
dams as of 2005.[1] Especially in river basins where the 
sediment outflow is great, dam reservoirs can capture 
a substantial amount of sediment transported down at 
the time of flood, and by such a function, these dams 
have lowered the elevation of the riverbeds of once 
unmanageable rivers downstream, and contributed 
to considerably enchance the safety of rivers by 
increasing discharge capacity. 
   In addition, since the period of high economic 
growth, a great amount of sand and gravel have 
been extracted from rivers and the sea to make 
concrete aggregate, greatly altering sediment 
t ranspor t systems. The amount of sediment 
collected from rivers once reached 130 million m3 
in 1966. However, strict regulation reduced the 
amount to 22 million m3 in 1989 and to 8.4 million 
m3 in 2004. There has also been a trend to ban the 
collection of sediment from the sea, and the amount 
collected in 2004 was 17 million m3. Additionally, 
ports and other large coastal structures greatly 
influence sediment transport along coasts. Most 
amount of sediment deposited in navigation routes 
and anchorages does not drift back to sandy shores 
and is disposed offshore or in inland areas. 
2-3 Problems Caused by Imbalance in 
Sediment Transport Systems
   Figure 2 shows the characteristics of sediment 
transport through rivers, i.e.,sediment deposition 
in dam reservoirs, problems typical of sediment 
transport systems such as the coarsening (armoring 
Sediment transport 
system
  Coastal erosion
Sediment that f lows in 
lower river basins is mostly 
small.
Flooding
Riverbed
Flooding
Riverbed Floo
ding
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bed
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mid river basins is mostly 
smaller than the sediment 
that flows in upper river 
basins. Sediment that f lows in 
upper river basins can be 
large.
Problems caused by 
elevated riverbeds
Problems caused by 
riverbed degradation
Bridge 
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Impact on the spawning 
environment for f ish in 
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(outflow of fine sediment)
Sediment deposition in dams
Deposited 
sediment
Figure 2 : Characteristics of sediment transport through rivers and outline of the 
sediment problem
Source: Reference[6]
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phenomenon) of the top layer of riverbeds, lowered 
r iverbeds downstream from dams, elevated 
riverbeds in lower river basins, and coastal erosion. 
It should be noted that the nature and extent of 
problems greatly depend on how much of each 
problem is natural or artificial. 
2-3-1 Sediment Deposition in Dam Reservoirs
   Dam reservoirs are normally designed to have a 
capacity to store 100 years’ worth of sediment in 
the deepest parts close to the dams, but sediment 
flowing from the upper rivers is often deposited in 
areas of effective storage capacity near the entrances 
to the reservoirs (Figure 3). Thus, deposited sediment 
reduces the effective capacity to store water as was 
intended by the reservoir planning, deteriorating 
the functions of reservoirs (such as flood control, 
providing drinking water, and power generation), and 
elevates riverbeds near the entrances to reservoirs, 
increasing the risk of overflow during floods. If 
sediment deposition proceeds, dams’ ancillary 
facilities such as water release and water intake 
facilities might be affected. 
   Looking at dams with a water storage capacity of 
1 million m3 or more in the Chūbu region, where 
sediment production is active, 30% or more of the 
dams’ overall capacity was filled with sediment in 
27 dams (34% of total number) in 2005.[1] Looking at 
dams throughout Japan, 140 dams (16%) had already 
accumulated their intended quantities of sediment. 
Due to recent rapid depopulation in intermediate 
and mountainous areas, mountain forests have been 
managed insufficiently, reducing the capability to 
stop landslides. Thus, future increase in sediment 
production may make the situation worse.
   In large reservoirs that have low water turnover 
rates, a great amount of fine soil particles of about 
10µm or smaller remains suspended in the reservoirs 
for long periods, making the downstream water 
murky for a long time.[7] Additionally, nitrogen, 
phosphorous, and other nutrient salts can remain in 
the reservoirs in high concentrations for long hours, 
creating conditions for excessive reproduction of 
algae that causes the generation of blue-green algae 
and algal blooms, harming water quality through 
eutrophication.[7]
2-3-2 Riverbed Degradations in Middle and 
Lower River Basins
   Due to riverbeds degradations caused by the 
sediment blockage by dams and the excessive 
extraction of sand and gravel from rivers, there 
are cases where the foundations of revetments 
and bridge piers are scoured and intake weirs for 
agricultural water and tap water do not function 
properly in middle and lower river basins. It has 
also been pointed out that the decreased supply of 
sediment from upper rivers by the effect of dams lets 
fine sand  on the bed be carried away, causing the 
coarsening of riverbed, and that lowered grinding 
effect on riverbed gravel by the less active sediment 
transport slows the regrowth of attached algae. 
These conditions have an impact on the habitat for 
aquatic life.[8] In addition, the decreased flow rates 
and number of floods due to the operation of dams 
make the sand bars unmovable in lower rivers, 
 Dam 
Water release 
(intake) facility 
Deposited 
sediment
Designed sedimentation 
capacity 
Effective capacity (flood 
control, water use, etc.) 
 
Figure 3 : Relationship between the Sedimentation Capacity of Dam Reservoirs and the Shape 
of Sedimentation
Prepared by the STFC
Body
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creating a stable colony of vegetation like willow. 
This affects the previous natural distribution of 
plants and reduces the discharge capacity of rivers at 
times of major floods.[1] 
   Due to concerns about the adverse effects of sand 
and gravel mining from rivers, such extraction has 
been strictly regulated in recent years. However, 
riverbeds in some parts of lower river reach have 
become elevated in the absence of large dams 
up steam, increasing the risk of f looding. Such 
regulations sometimes extended even to the inside of 
reservoirs, resulting in a shortage of usable sand and 
gravel. Consequently, a substantial amount of rock 
has been cut from mountains to be crushed (Figure 
4), devastating the beautiful natural landscape. 
2-3-3 Erosion of Estuaries and Sand and Gravel 
Beaches
   The erosion of estuaries and sand and gravel 
beaches has been proceeding because of the 
reduced supply of sediment from upper river basins, 
extraction of sand and gravel from riverbeds and the 
sea, and the blocking of sediment movement along 
coasts due to the construction of ports and other 
coastal structures.[10] Since the early 20th century, 
an average of about 160ha of sand and gravel 
beaches have been lost annually,[11] and it has been 
pointed out that this situation affects the coast’s 
ability to mitigate tidal waves (a disaster prevention 
function), the self-cleansing process of sea water, 
the environment for fish larvae growth, and the egg-
laying environment of sea turtles. 
   To stop coastal erosion, concrete structures such 
as wave-absorbing blocks and detached breakwaters 
have been built in many places. However, these 
stopgap erosion prevention methods can create 
additional problems by, for example, accelerating 
erosion in other areas.[12] These structures are also 
huge eyesores in the beautiful natural landscape 
along sandy coasts. Figure 5 compares the Enshū-
Nada coast in 1987 and 2005. As seen in the picture 
on the left (from 1987), to prevent erosion of the 
beach caused by the decreased supply of sediment 
from the Tenryu River, a series of breakwaters 
was constructed between the Tenryu River and 
the Magome River (in the center of the picture). 
The breakwater captures sediment moving along 
the nearby coast and has stopped erosion in this 
area. However, less sand is now supplied to the 
Nakatajima Dune (in the lower part of the picture), 
and as seen in the picture taken in 2005, the coast of 
the dune has eroded remarkably. 
   Japan has 35,000km of coastline and the total 
length of coastal protection facilities had already 
reached about 9,500km by 2005. Considering that 
these facilities last for 50 years, a 200km length of 
these facilities need to be repaired or updated every 
year, which is a great burden to place on future 
generations.
Figure 4 : Changes in Aggregate Production in Japan
Source: Reference[9]
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Technology to Solve Problems 
Surrounding Sediment Transport 
Systems and Study Trends  
3-1 Shift to Integrated Sediment Management 
Policies
   In order to make the most of river and coastal 
resources and to protect the public from disasters, 
various anti-erosion structures, reservoirs, levees, 
revetments, weirs, coastal dikes, and breakwaters 
have been built in the hopes of controlling natural 
phenomena. These effor ts have successfully 
fulfilled their original purposes. However, they 
have also created adverse effects on other parts of 
the sediment transport system, and as time goes 
by, various problems have become apparent. In 
response to this situation, the Integrated Sediment 
Management Subcommittee of the Council of Rivers 
at the Ministry of Land, Infrastructure, Transport 
and Tourism submitted a report entitled “Integrated 
Sediment Management of the Sediment Transport 
Systems” (in July 1998). The report introduced 
the concept of a sediment transport system, which 
includes areas extending from the sources of river 
basins to the coasts. It revised the conventional 
idea of sediment management that focuses on 
measures to stop sediment outflow and emphasized 
the importance of allowing appropriate sediment 
movement throughout the system. In response to 
the report, the Ministry of Land, Infrastructure, 
Transport and Tourism began to take action that 
takes into consideration integrated sediment 
management covering both river basins and the 
sea, which aims to, based on the characteristics of 
each river and coast, prevent disasters caused by 
sediment transport, while preserving the ecosystem, 
landscape, and environment and making proper use 
of rivers and coasts.[14] 
   The River Act was revised in 1997 to include the 
environment aspect in addition to previous flood 
control and water use aspects. The Coast Act was 
also revised in 1999 in an aim to conserve coasts 
in a balanced way taking into consideration the 
environment and use in addition to the protection of 
human life and property. 
3 -2   S tudy  Tr ends  i n  Tec hno logy 
Concerning Sediment Transpor t 
Systems in Japan
3-2-1 Studies on Sediment Transport
   As a part of efforts to improve integrated 
1987
Magome 
River
Tenryu River
The coast of the 
Nakatajima Dune 
has eroded 
remarkably.
Nakatajima
Dune
2005
Construction of 
a breakwater 
1971‐1991
Tenryu River
Figure 5 : Erosion of the Enshu-Nada Coast
Reference[13] was partially modified by the STFC
3
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sediment management technology, some field 
investigations to understand  the actual sediment 
transport phenomena been conducted in the areas 
where the effects of imbalance in sediment delivery 
have been remarkable in recent years. 
(1) Studies on Sediment Movement in Rivers
    In the Tenryū River, the particle size distributions 
of sediment in the Sakuma dam reservoir and 
of sediment in the lower river channel are being 
compared in order to assess, if in the future sediment 
were flushed from the dam, what size particles flow 
into the offshore sea, what sediment contributes to the 
formation of the beach, and what sediment may be 
deposited in the lower river and need to be properly 
controlled to prevent flooding.[15] 
   In the Abe River, the amount of sediment transport 
is being measured and correlated with the water 
discharge in order to estimate the amount of sediment 
movement by particle sizes at each flood. About 72% 
of the sediment transported to the lowest part of the 
river at the time of flood was made up of sediment (0.1-
10mm) that is effective in the formation of beaches, 
and that sediment was also deposited in the upper 
riverbed and was needed to be continuously removed 
to keep the river safe.[16] We have the technology 
to observe geographical changes and discharges 
of suspended sediment, but it is still difficult to 
measure the discharge of large particles which may be 
deposited in riverbeds and cause flooding.[16] 
   In the Yahagi River, study is being made into 
the effects of changes in the supply of sediment 
from the dam on benthic organisms. The sediment 
concentration is small in the tailwater, and the 
percentage of sand and small gravel is low in the 
riverbed. In contrast, zooplankton proliferates 
propagated in the reservoir and they f lows 
downstream. These habitat change has clearly 
influenced benthic organisms, but the effects tend 
to be alleviated in the lower river basin due to the 
confluence of tributary streams.[17] 
(2) Studies on Sediment Movement in the Sea
   At the river mouth of the Abe River, geographical 
changes in the river mouth terraces have been studied 
via survey data. More specifically, studies  have been 
conducted on the development of the river mouth 
terrace due to sediment inflow from the river during a 
flood and on the sediment supply to the beach by the 
deformation of terrace due to wave action.[18] 
   In the area around Enshū-Nada, where the Tenryū 
River flows into the sea, studies on the historycal 
change of the beach have been conducted, based 
on a combination of old maps, aerial photos, and 
survey data from ground-penetrating radar. The 
mineral substances of the sediment in the mountains, 
the river, and the beach are analyzed to understand 
the broad-based origin of sediment. In addition, in 
order to understand sediment movement in the sea, 
efforts have been made to develop technologies 
such as new ultrasonic survey technology and 
technology to monitor the long-term and broad-
based ocean floor topography change by acquiring 
data of whitebait's fishfinder from fishery cooperative 
associations. These efforts are conducted by the 
collaborations of universities, the private sector, the 
Ministry of Land, Infrastructure, Transport and 
Tourism, and prefectural and local governments 
under the project entitled “dynamic sediment 
management and coastal disaster prevention using 
advanced technology(Enshū-Nada Project)” within 
the framework of the Special Coordination Funds 
for Promoting Science and Technology (a research 
and development program for resolving critical 
issues), and the project has attracted attention from 
researchers studying sediment transport systems.[13] 
   At the Kanazawa coast, where the Tedori River 
flows into the sea, and at the Hyūga-Nada coast in 
the eastern part of Miyazaki prefecture, fluorescent 
sand tracer experiments, mineral analyses, and 
sediment transport surveys using bathymetry have 
been conducted. These studies have made clear 
the sediment loss to offshore areas and sediment 
transport over the capes.[19]
3-2-2 Technology to Predict Sediment Runoff 
from Mountain Areas
    The Takase dam in the Shinano River system 
has the largest annual sediment deposit per basin 
area in Japan. Based on surveys on geographical 
changes using aerial photographs that have been 
taken for years and observation data concerning the 
repetition of erosion and deposition on bare slopes, 
the electric power company that manages the dam 
has been working collaborating with universities 
to understand the characteristics of sediment 
production on the slopes and sediment runoff 
processes including temporal sediment storage on 
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the slopes and on the riverbeds.
These studies made clear the relationship between 
rainfall conditions and sediment runoff,[20]and a 
numerical simulation model of sediment runoff 
enabling the tracing of particles motion by several 
size ranks has been presented.[21] 
3-2-3  Technology to Release Sediment from Dams
   In the past, sediment in large dam reservoirs has 
been removed primarily by digging or dredging. In 
recent years, however, according to the characteristics 
of the particular river basin and the dam’s facilities, 
various technologies for releasing sediment have 
been explored as shown in Figure 6.[22]Sediment in a 
large number of dams constructed during the period 
of high economic growth needs to be managed to 
ensure the sustainable proper functioning of the 
dams. Studies have begun on the asset management 
of dams relating to the relationship between the life 
cycle costs and the service standards focusing on 
sediment management.[23] Efforts to release sediment 
downstream from large dams and check dams have 
also begun. 
(1) By-pass Tunnel
    At the Asahi dam in the Shingū River system[24] 
and the Miwa dam in the Tenryū River system,[25] 
water tunnels have been built connecting upstream 
reservoirs to the areas downstream of the dams, 
and efforts have been made to develop and operate 
a system to bypass the sediment flowing into the 
reservoirs at the time of flood. As Figure 7 shows, 
a check dam was built upstream from the reservoir, 
leading sediment-loading floods into the tunnel and 
downstream from the dam. This system has greatly 
improved the turbidity that had been an issue for 
a long time and has controlled the sedimentation 
problems in the reservoir. The system has resulted 
in the reappearance of clean sand on the riverbed 
downstream from the dam and has been well-
received by the local residents. However, the 
sediment from the Asahi dam flows into and is 
deposited in the next dam below. As such, sediment 
transport is not being continuously managed 
throughout the river. In addition, the tunnel lining is 
corroded by the sediment transport and need to be 
repaired every year.
 (2) Sediment Flushing
   The Dashidaira dam and the Unazuki dam in the 
Kurobe River system have begun efforts to empty 
the reservoirs in a coordinated manner and to 
flush sediment deposited in the reservoirs from the 
sediment flushing gates using the force of running 
water (Figure 8). The amount of sediment flushed is 
between 20,000m3 and 1.72 million m3 per flushing. 
This method has been used for small dams but 
not for large dams because it takes time to refill a 
large reservoir after flushing and because it makes 
difficult to maintain the dam’s power-generating 
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  
‐  
  
  
    
   
 
  
  
  
     
  
‐  
  
  
 
 
 
  
   
       
        
        
           
        
         
        
         
        
          
        
      
            
         
      
           
‐         
   

 Figure 6 : Technologies to Flush Sediment from Dams
Prepared by the STFC based on Reference[1]
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functions. However, it was easy to introduce this 
method at these dams because the risk relating 
to refilling the reservoirs is low due to the large 
volume of water flow compared to the capacities of 
the reservoirs and because the impact of sediment 
flushing on the riverbed downstream is relatively 
small due to the steepness of the river downstream 
from the dams and the short distance to the Japan 
Sea (only some tens of kilometers). 
   The f lushed water quality deteriorates when 
sediment is f lushed after being deposited in a 
reservoir for a long period of time. Thus, sediment 
f lushing has been conducted as freguently as 
possible at times of f lood, and turbidity and 
dissolved oxygen levels in the river and the sea 
have been monitored while looking at the impact of 
sediment flushing on the lower river basin.[26] 
Figure 7 : Map of Flushing Bypass for the Asahi Dam
Reference[24] was partially modified by STFC
So as to generate large 
t r a c t i v e  f o r c e ,  i n  t h e 
recessing phase of a flood.
The reservoir is temporarily 
emptied.
(Spontaneous f lush ing)
D e p o s i t e d  s e d i m e n t 
i s  f l u s h e d  a l o n g  w i t h 
floodwater through an open 
flushing gate.
Af te r  t he ga te  i s  c l osed 
and the water level (water 
quantity) is restored, all the 
incoming water is discharged 
for a designated amount of 
time for the sake of cleaning 
the riverbed of the lower river.
Lowered 
water level of 
the reservoir
Sediment 
flushing
Restored 
water level
Procedure 
after flushing
Figure 8 : Sediment Flushing at the Dashidaira Dam
Source: Water Resources Environment Technology Center

  
 
 
     
 
  
 
‐   
  
       


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(3) Open Type Check Dams and Open Type 
Dams Exclusively Used for Flood Control 
   Check dams have been built to stop sediment and 
prevent from sediment disasters downstreem. In 
recent years, check dams assembled from steel pipes 
or concrete dams having slit(s) have been built to 
stop sediment only at times when sediment outflow 
is great and to let sediment rundown into lower river 
basins at times when water and sediment outflow is 
small (Figure 9).
   Some open type dams having no gate have been 
built to control flood. These dams do not ordinarily 
store any water, but when a flood occurs, the dams 
adjust the water discharge by letting some water run 
through and storing some water behind the dam. 
The naturally stored water is discharged naturally 
immediately after the f lood. These dams can 
spontaneously let sediment flowing from upstream 
run down at the time of succeeding  small scale 
floods and control the sedimentation in the reservoir 
and so maintain the continuity of sediment transport 
(Figure 10).
(4) Replenishing Sediment to Rivers
   In recent years, in order to maintain the function 
of dams and to improve the environment for the 
ecosystem in the rivers downstream from dams, 
efforts have begun to keep some dredged sediment 
as an embankment in riverbeds downstream from 
dams and flush it downstream in times of flood 
(Figure 11). As of 2008, some 21 dams nationwide 
had tried this method and other dams have also 
been examining the possibility of implementing 
it. The main characteristic of this method is that it 
does not require the construction of large facilities. 
However, the amount of sediment being stored 
has been limited, ranging from several hundreds 
of cubic meters to several tens of thousands of 
cubic meters each time. To implement this method, 
consideration has to be given to environmental 
problems in the lower river basins, to the occurrence 
of turbid water, and to safety risks due to sediment 
deposition in the channel. Concrete means are being 
explored, taking into consideration the particle sizes 
of sediment, such as the scale of flood suitable for 
the safe implementation, and appropriate ways to 
place sediment in riverbeds.[29] Local residents are 
Before flooding
Water level at normal times
Water level in times of flooding
Temporary sediment embankment
Figure 9 : Open Type Check Dam Made from Steel Pipes Figure 10 : Open Type Dam to Control Flooding      
(upper side of a dam)Source: Reference[27]
Source: Reference[28]
Figure 11 : Replenishing Sediment (deposited in reservoirs) to Rivers by Storing It in Riverbeds
Source: Professor Tetsuya Sumi, Kyoto University
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often against the occurrence of turbid water. However, 
monitoring efforts before and after instances of this 
method’s implementation have shown that it has had 
the effect of improvements in riverbed formation, 
riverbed materials, benthic organisms, and algae, and 
there are cases where local residents have welcomed 
this method. 
3-2-4 Technology for the Effective Use of 
Sediment
   In the past, sediment has been collected mainly 
from the inlets of reservoirs for use in concrete 
aggregate. However, due to issues concerning 
transportation costs, quality control, and laws and 
regulations, sediment has not been used properly. 
   Figure 12 shows characteristics of sediment 
deposited in reservoirs by location. In recent years, 
in addition to the conventional use of sediment, 
demonstration tests have been conducted to use 
sediment (high-density iron humate) deposited at 
the bottom of a lake (located proximate to a dam) to 
restore seeweeds withering phenomenon of a beach 
and to allow marine algae to grow.[31] Field studies 
have also been conducted on an easy way to separate 
sediment located in different parts of a reservoir by 
particle size and to return it to the river.[32] 
3-2-5 Technology for Predicting Riverbed 
Variations
   Sediment is comprised of mixture ranging from 
small to large particles, and it is essential to develop 
numerical models to estimate the amount of erosion 
and sedimentation in riverbed considering such 
wide range of particle sizes. To properly maintain 
and manage rivers taking account of changes in 
sediment transport, it is necessary to fully consider 
that riverbeds change remarkably during floods, 
but there has not yet been sufficient analysis that 
does so. Currently, studies are being conducted 
to improve the reliability of analysis for riverbed 
variations and water surface profiles at the time 
of f lood by considering the mutual inf luence 
between the flow and riverbed fluctuations based on 
experimental data at the site.[33]  
3-2- 6 Technology for Predict ing Coastal 
Deformations
   Studies have also been conducted to understand 
the process of deposition and erosion of estuary 
or beach composed of sediment mixture under the 
effects of geography and coastal structures based 
on data concerning geographical changes,  particle 
sizes, and waves. In the aforementioned Enshu-
Nada Project, efforts are being made to develop 
Figure 12 : Characteristics of Sediment Deposited in a Reservoir by Location
Created by STFC based on Reference[30]
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a high-precision model to predict geographical 
changes based on the survey results of wide-
area sediment movement, the sediment transport 
mechanism from river mouths to coasts. By 
combining the technology to monitor the actual 
sediment movement and the technology to predict 
geographical changes, the project aims to create an 
adaptable sediment management technology that 
can flexibly and continuously respond to sediment 
movement and geographical changes.[13] In addition, 
at Hasaki Beach on the Kashima-Nada coast, efforts 
are being made to develop a simulation model to 
understand the distribution of on-offshore sediment 
transport and ocean-floor changes using observation 
data (taken continuously for 20 years), for example, 
on waves, current speeds, sediment concentration, 
and changes in the ocean-floor.[34] Furthermore, 
based on lab experiments, efforts are being made to 
develop a three-dimensional beach transformation 
model targeting harbors used for thermal and 
nuclear power generation, in which mixed particle-
size sediment is cousidered.[35]
3-2-7 Sand Bypass/Sand Recycling
   To mitigate coastal erosion due to the effects of 
coastal structures, a sand bypass system is being 
used to restore the continuity of longshore sediment 
transport by artificially transporting sediment 
blocked by and deposited near the upstream side of 
these structures to the opposite side of the structures 
(Figure 13). To nourish eroded beaches, a sand 
recycling system is also being used to put sediment 
deposited back to the area where erosion occurs. 
In the Sendai River sediment transport system, 
to maintain the Tottori Sand Dunes and Hakuto 
Beach from the expansion of erosion, the river 
authority, the port and fisheries authority, and the 
coast authority have been working together to carry 
sediment dredged from the river mouth, seaway, 
and the anchorage to the eroded coast.[36] At the 
Fukude Port located east of the Tenryū River, to 
protect the port function against deterioration due to 
substantial sediment deposition transported from the 
Tenryū River as well as to stop the erosion of Asaba 
Beach, located at the downstream side of the port, 
waves, a sand bypass system (that uses a pipeline to 
permanently transport sand) is under construction 
now. In implementing these efforts, studies are being 
conducted on the changes in coastal geography and 
particle sizes of bottom sediment on the effects on 
the living environment for, for example, benthic 
organisms, plankton, loggerhead turtles, and white 
bait, as well as on the abrasion of pipe of the sand 
transport system.[37]
3-3  Overseas Trends
3-3-1 Sediment Releasing from Dam Reservoirs
(1) Europe
   In the Water Framework Directive (2000), the 
European Commission set forth a policy to preserve 
the quality and quantity of continuous sediment 
transport targeting international rivers in Europe 
from the perspective of integrated sediment 
management. Sediment flushing has been used as 
a primary method while considering effects on the 
lives and property of the people, ecosystems and 
the environment in the lower river basins.[38-40] In 
Switzerland, sediment f lushing has been clearly 
Littoral sediment transport
Incoming wave
Artificial transport
Figure 13 : Sand Bypass System
Source: Reference[37]
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systematized: federal guidelines have been issued 
for the planning and management of sediment 
flushing, and the implementation times and methods 
must be approved by cantons. In France, flushing 
have been made to meet water quality standards 
in the lower river basins by taking account of the 
timing of flushing in the upper river in Switzerland. 
(2) China
   In China, dams used to be designed with the 
intention of holding 100 years’ worth of sediment. 
However, after a substantial amount of sediment 
was deposited in the Sanmenxia Dam (completed 
in 1957; height: 106m) during a short period of 
time, sediment flowing into dams is now basically 
passed into lower river basins. Because sediment in 
the Yellow River and the Yangtze River is made up 
of fine particles, the water levels of the reservoirs 
are kept low during flood seasons to increase the 
current speeds and to allow incoming sediment to 
pass through more readily. This effort decreases the 
amount of hydroelectric power generation, but China 
uses nature to conduct sediment releasing based 
on the ideas of “storing the clear and discharging 
the turbid” namely “still water for navigation and 
torrential water for sediment discharge.”
(3) United States
   Most dam reservoirs in the United States are 
very large, and sedimentation is not a big issue. 
To deal with scouring in lower rivers, sediment is 
transported using heavy equipment.[41] 
3-3-2 Response to Coastal Erosion
(1) Europe
In the Netherlands, consideration is being given to 
the protection of the coast against the sea level rise 
due to global warming, and a policy has been made 
to protect the coastline by nourishing the beaches 
instead of by building structures.[42]
(2) United States
   The congressional declaration of policy in the 
Coastal Zone Management Act states that “it is the 
national policy to preserve, protect, develop, and 
where possible, to restore or enhance the resources 
of the Nation’s coastal zone for this and succeeding 
generations.” This looks at the objectives of coastal 
zone management from a wide perspective and aims 
to conduct both development and preservation in 
a balanced manner. State laws have more specific 
stipulations to protect the value of their coasts. For 
example, Florida law states that since port facilities 
can block longshore sediment transport, sediment 
(dredged for the purpose of maintenance) should be 
supplied to the lower side of the sediment movement 
and annual sediment transport should be ensured. 
   Coastal erosion has also been a serious problem in 
the United States. Before the 1960s, many structures 
were built to deal with the problem, but since 
the 1970s, beach nourishment has been the main 
method to solve the problem of erosion.[42]
Solving Problems Surrounding 
the Sediment Transport System: 
Issues and Methods
4-1  Issues Surrounding Japan’s Sediment 
Transport System
   In Japan, a substantial amount of sediment 
is produced in the mountains, and the supply 
of sediment to the rivers and to the coasts has 
maintained the balance of the land and the 
ecosystems. Sediment found in the reservoirs in 
China’s Yellow and the Yangtze Rivers is mostly 
made up of very fine particles. In contrast, sediment 
found in Japan is made up of particles of different 
sizes, and thus, special consideration is needed when 
it comes to disaster prevention and the environment. 
To solve problems related to the sediment transport 
system, it is essential to ensure the continuity of 
sediment transport and to restore mechanisms for 
supplying sediment to various place in a balanced 
manner. However, various structures exist in every 
part of Japan’s sediment transport systems, and 
society is built on the functioning of these structures. 
Thus, it is not realistic to try to completely restore 
nature to how it was. For example, it is necessary 
to fully consider that the removal of a large dam 
reservoir may cause adverse effects on the lower river 
basin. Therefore, to soundly manage the sediment 
transport system for the future, it is not appropriate 
to discharge all sediment, but it is essential, first, to 
consider regional characteristics and protect the lives 
and property of local residents, and next, to enable the 
sustainable use of resources and to maintain diverse 
ecosystems and a rich natural environment.
    However, our understanding of sediment transport 
4
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is insufficient because sediment moves through 
wide areas and in a complex manner due to frequent 
typhoons and heavy rains as well as because it is 
difficult to measure this movement. In particular, 
since many different regions, administrations, and 
scientific and technological fields are involved, 
we very much lack continuous and wide ranged 
field data covering the entire sediment transport 
system. This point makes it difficult to improve 
the reliability of specific technology. We have 
not yet established the technology to assess and 
control the higher risk of flood and the influence 
on the ecosystems that may be caused by riverbeds 
aggradations due to possible future enhanced 
sediment discharge from upstream. Nor have we 
created the technology to predict the effects of 
improvement in coastal erosion due to the supply 
of sediment from rivers. Problems concerning the 
sediment transport system affect wide areas and 
for longtime, we cannot find fundamental solutions 
(that consider safety, the proper use of the resources, 
and the environment in a balanced manner) through 
mere regional and stopgap efforts conducted by 
individual administrations and studies of narrow 
special areas.[12,43] Some ten years have passed since 
the necessity of integrated sediment management 
efforts were emphasized, but we still have a long 
way to go before we can systemize management 
technology and take actual action that covers the 
total sediment transport system. 
4-2  Solutions
(1) Understanding the Actual Conditions
   First of all, it is essential to look at the total 
sediment transport system to precisely diagnose the 
current problems, where they are occurring, their 
causes and effects, and the extent of their impact by 
monitoring and accurately understanding sediment 
movement from the sources of rivers to the coasts. 
Next, it is necessary to clarify goals for improvement 
in terms of required amounts and particle sizes for 
sediment transport in each area, and to come up 
with an appropriate sediment supply system in order 
to solve or alleviate problems in consideration of 
disaster prevention, proper use of sediment, and the 
environment. Based on such information, we need 
to verify and improve the specific technologies for 
handling sediment transport systems. Sediment 
hydraulics which studies sediment transport has 
been primarily based on experimental research in 
labs. Thus, our understandings are not sufficient 
when it comes to predicting how sediment will be 
supplied from upper river basins and to assessing 
the impact of the distribution of different sediment 
sizes on geographical changes. This author hopes 
that the existing technologies will be examined and 
improved and that the reliability of the technologies 
will increase by the fulfillment of reliable field 
data. In addition, it is essential to improve upon the 
system for researchers to effectively share and use 
data. Sediment production and outflow in mountains 
vary greatly depending on the characteristics of the 
river basins, i.e., geological conditions, the weather, 
and hydrological conditions. Sediment movement 
in rivers and the sea also changes remarkably both 
temporally and spatially, and geography, hydrological 
and meteorological conditions, and sediment sizes are 
all correlated. It is necessary to develop new sediment 
transport observation technology based on advanced 
technology, to improve the observation system, and 
to conduct continuous efforts to understand the actual 
conditions both under normal and abnormal weather 
conditions. 
(2) Integration of all the concernd Parties and 
the Road Map for the consistent Field-
verified studies 
   It is not easy to establish an optimal integrated 
method when different bodies are managing 
different parts of the sediment transport system 
using different management systems. It is essential 
for administrations and local interested parties 
extending from the mountains to the sea, and 
researchers in the field of sediment transport 
systems to work together and pool their knowledge 
in order to implement consistent verification studies. 
The road map or the flow chart of consistent field-
verified studies aiming to the implementation of 
balanced and sound sediment transport systems may 
be given as Figure 14.
(3) Sampling Typical Sediment Transport Systems 
and Establishing Goals for Improvement
   It should be effective to, first, choose Typical 
sediment transport systems where problems have 
become apparent and where the necessity to 
improve the situation has been recognized, and, to 
then, intensively invest research resources into these 
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  
   
   
  
‐       
‐        
‐           
       
   
 
  
 
‐       
‐                 
        
‐        
‐          
      
 
 
 
  
   
  
 
 
 
‐         
      
‐          
       
‐         
‐             
    
  
‐       
‐      
  
  
   
   
‐        
‐         
  
 

 
systems and promote problem-solving studies. 
   When setting up goals for improvement in the 
chosen sediment transport systems, it is necessary 
to assess the causes and effects of these unfavorable 
problems, and, then, to make some alternative 
implemental plans for improvement of the impact 
on the desaster prevention, water utilization and the 
desirable ecosystems. In particular, it is important 
to focus on sediment management in view of the 
particle sizes.  Disasters might occur if sediment 
is discharged as-is from mountains. Thus, full 
consideration needs to be given to the effective 
treatment of sediment deposited in reservoirs and 
riverbeds in mid- and lower-river basins by the 
operation of some artifical measures. This author 
hopes that goals will be established by looking at 
entire regions including the mountains, rivers, and 
sea, and that such information will be disclosed, and 
that open discussion involving various fields will be 
conducted. 
(4) Establishing a New Concept of Sediment 
Delivery 
    Provided sediment should be released from a dam 
to improve the situation of a sediment transport 
system, one should, in advance, consider the effect 
to  the risk of flooding, to the water utilization, to 
the ecosystems, and to the environment, dwe to 
sediment deposition in lower river reach, and one 
should, then, choose the method that guarantee a 
sustainable balanced sediment Transport system. 
The amount of sediment yield and the particle 
sizes are different greatly from one sediment 
transport systems to another. Therefore, we 
need to assess both positive and negative aspects 
of storing sediment in eservoirs for respective 
sediment transport systems, and reflecting such an 
assessment, we must choose suitable technologies 
to controll sediment delivery to reservoirs, lower 
rivers, and the sea. Depending on the conditions of 
each site, we also need to explore a new method that 
Figure 14 : Flow of Consistent Ffield-verified Studies on Issues Concerning the Sediment 
Transport Systems
Prepared by the STFC
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combines various methods to discharge sediment 
from dams, including sediment sluicing. 
   Through this kind of examining process, it is 
also important to harness nature. We may try to 
restore the landscape and ecosystems by returning 
sediment movement closer to its natural state by, 
for instance, allowing rivers, previously protected 
and constrained by dams and levees, to inundate 
to a certain extent so that sediment is deposited 
at the time of flooding, for example, at the change 
of a river gradient or at the junction of tributary 
streams. To do so, it become necessary to expand 
the river zones and, where sediment deposition is 
great, it will be necessary to restore wetlands and 
farmlands. As the population of Japan will decline 
remarkably, I hope that efforts will be made to make 
the effective use of sediment easier and to increase 
food self-sufficiency and to consider the rich natural 
environment is an important resource. These effort 
would be helpful to the revitalization of future local 
communities. This way of thinking will also help 
to reduce disaster risk under extremely abnormal 
weather.
(5) Establishing a Study Forum  
   As discussed earlier, to solve various problems 
concerning sediment transport systems, there is a 
limit to regional and stopgap efforts by individual 
bodies. Since the problems involve a wide range of 
communities, administrations, and scientific and 
technological fields, it is essential to have a common 
understanding of entire sediment transport systems.
Therefore, it is needed to conduct joint research on 
solutions, and to form agreements between related 
parties. It is desirable to establish a study forum 
that will develop the field of sediment transport 
systems academically. That accademic field  should 
cover not only the dynamic aspect of sediment 
movement but also it should cover ecosystems and 
the environment. It is also desirable to promote 
comprehensive activities that go beyond the 
boundaries of different administrations, in charge of 
regions ranging from mountains to rivers to the sea, 
and academic fields and to create a forum that tries 
to reflect their efforts on the establishment of an 
integrated sediment management system. 
   To break through the status quo, it is necessary 
to secure the funding required to promote research 
as well as to have young people such as graduate 
students actively participate in field work. Thurs, the 
depth of human resources for long-term and multi-
faceted verification studies will be increased. It is 
also desirable for researchers to have the strong will 
to gather knowledge by transcending the boundaries 
of different interested parties.     
Conclusion
   There is a concern that a substantial outf low 
of sediment and large-scale coastal erosion may 
occur due to unprecedented and great changes in 
natural phenomena caused by global warming such 
as increases in abnormal rainfall and a rising sea 
level. The phenomenon of sediment outflow from 
mountains discussed in this report will continue in 
the future, and therefore, will be an important issue 
both for the present and future generations. In order 
to explore sustainable measures that make it possible 
to live in harmony with nature, relating with the 
issues of sediment, it is important to reassess the 
existing hard measures on social infrastructure and 
preservation costs of these structures based on the 
mechanisms of sediment transport as well as from a 
long-term perspective. 
   Compared to other developed countries, Japan’s 
geomorphic changes are more substantial. In 
addition, dividing mountain ranges cut across the 
land like a backbone and short steep rivers flowing 
directly into plains and the sea are both a blessing 
and a threat. To appropriately preserve the land 
for the future, it is desirable to establish new and 
efficient individual technologies and an integrated 
management system for the improvement of 
sediment transport systems. The fruit of such efforts 
can contribute to other Asian countries and so on 
that have similar natural conditions.  
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